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Chapter One
Introduction
Introduction

When it comes to weight training, a common thread of discussion revolves around the
specific muscular adaptations associated with repetition maximum (RM) ranges. For example,
maximal strength gains are associated with performing sets within the 3 to 5 RM range; for
hypertrophy, in the 8 to 12 RM range; and for muscular endurance, in the 12 to 20 RM range
(Human Kinetics, 2008). However, recently there have been studies indicating significant gains
in strength and hypertrophy by performing more than 20 repetitions per set (Mitchell et. al. ,
2012).
Despite this new higher repetition paradigm, it is still regarded as common practice to
stay within the aforementioned three typical repetition maximum ranges (Human Kinetics,
2008). In order to understand the different repetition ranges, it is key to comprehend and
recognize the terms used in describing them. The definition of muscular strength is the muscle's
ability to exert force, while muscular endurance is the muscle' s ability to continue to perform
successive exertions or many repetitions (ACSM, 2014). Hypertrophy is defined as the growth
or enlargement of a muscle (Binkley et. al., 2002). Along with having a traditional number of
repetitions for strength, hypertrophy, and endurance, there is also a standardized time for rest in
between sets, and percent intensity of one repetition maximum used for the lift.
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Figure 1. From Baechle and Earle (Essentials of Strength Training and Conditioning, Human
Kinetic, 2008).
The figure above is a very good representation of how the number of repetitions
performed per set will affect the expression of neuromuscular characteristics. Every repetition
range may promote adaptations in all characteristics across the spectrum of training intensity.
For example, two repetitions done at a very high intensity will still bring some adaptations that
promote greater localized muscular endurance, but not near as much as a low intensity for higher
repetitions. The higher the weight, the lower repetitions, and the lower the potential adaptations
to promote localized muscular endurance. On the opposite side, the lower the weight and the
higher the repetitions, the less the effect of strength will be. A potential limitation with the chart
is that it stops at twenty repetitions. This study aimed to investigate whether performing greater
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than twenty repetitions per set (reaching failure on each set) would result in maximal strength
gains and upper arm circumference similar to a more traditional loading and repetition scheme.
Statement of Purpose
The primary purpose of this study was to examine the effect of repetition range and load
intensity on muscular strength and upper arm circumference following a bench press training
program.
Research Questions
1.) What is the relationship between high repetition/low intensity training and muscular
strength?
2.) What is the relationship between high repetition/low intensity training and upper arm
circumference?
3.) What is the relationship between low repetition/high intensity training and muscular
strength?
4.) What is the relationship between low repetition/high intensity training and upper arm
circumference?
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Hypotheses
This research study examined two different hypotheses. They are listed below.
1.) It was hypothesized that the group performing the bench press exercise at high repetitions
and with low intensity would show equal muscular strength gains as those in the low
repetition and with low intensity group.
2.) It was hypothesized that the group performing the bench press exercise at high repetitions
and with low intensity would show equal gains in upper arm circumference as those in
the low repetition and with high intensity group.

Significance of This Study
The proposed study could potentially modify the way professionals in the exercise
science field prescribe exercise to clients, and offer a more in-depth understanding of weight
training in terms of muscular strength and hypertrophy (as represented by changes in upper arm
circumference). The exercise science field is one of the fastest growing professions, and
credibility must be maintained by ensuring the preeminent knowledge regarding weight training
is passed on to clients through exercise prescription. With the "Baby Boomer" generation
growing older, and youth participating in weight training programs at younger ages, it is
paramount to fully understand the aspects of strength and hypertrophy, and how to maximize the
results they provide (Benjamin & Glow, 2003). The results of this study may have positive
residual effects on the exercise science field.
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Limitations of this Study
I.) Participants may have performed other chest exercises throughout study without the
researcher's knowledge.
2.) Muscular hypertrophy was represented as the circumference of the upper arm . Since
females were included in the study, a measurement taken around the chest was not
applicable.
3.) Dietary intake was not controlled as part of this study.
Basic Assumptions
I.) It was assumed the participant's responses on the health history questionnaire were
truthful and not fraudulent in any way.
2.) It was assumed that full effort was given by participants at all times.
3 .) It was assumed participants would not take part of another chest or triceps exercise
program for the duration of the study.
4.) It was assumed that maximal effort was given by participants during pre-study I-RM
collection.
5.) It was assumed maximal effort was given by participants during pre-study 1-RM
collection.
6.) It was assumed that caloric intake remained constant throughout the duration of the study.
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Definition of Terms
The subsequent terms and definitions were used periodically throughout the study.
1.) One Repetition Maximum (1-RM) is defined as the greatest resistance that can be moved

through the full ROM (range of motion) in a controlled manner with good posture
(ACSM, 2014).
2.) Muscular strength is defined as the external force that can be generated by a specific
muscle or muscle group (ACSM, 2014).
3.) Muscular endurance is defined as the ability of a muscle group to execute repeated
muscle actions over a period of time sufficient to cause muscular fatigue or to maintain a
specific percentage of the 1-RM for a prolonged period of time (ACSM, 2014).
4.) Muscular hypertrophy is defined as the growth or increase in the cross-sectional area of a
muscle (Binkley et. al., 2002).
5.) Periodization is defined as a training technique that varies the volume and intensity of
exercises between workouts (Fahey, 2010).
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Chapter 2
Literature Review
Chapter two presents a review of previous studies that have investigated different theories
into muscular strength and hypertrophy training. There are numerous methods and theories
suggesting the best approach in resistance training to experience gains muscular strength and
hypertrophy. All reviewed topics include valid research detailing how they relate to muscular
strength and hypertrophy and the current research study. Topics discussed in this chapter include
muscular strength, muscular hypertrophy, low repetition training, high repetition training, blood
flow restriction training, muscle fibers, hormones, the muscle pump, mechanical stress, and
metabolic stress. It is important to understand different methods of resistance training. Keeping
an open mind is critical as new research is conducted challenging older methods and ways of
thinking. Articles reviewed for this chapter listed and briefly summarized in the table below.

Author(s)
Burd, N. A., Moore, D. R.,
Mitchell, C. J., & Phillips, S.
M.

Title
Big claims for big weights
but with little evidence.

Crewther, B, Keogh, J.,
Cronin, J., Cook, C.

Possible stimuli for strength
and power adaptation.

Mitchell, C. J., ChurchwardVenne, T. A., West, D. W.
D ., Burd, N. A., Breen, L.,
Baker, S. K., & Phillips, S.
M.

Resistance exercise load does
not determine training
mediated hypertrophic gains
myoung men .

Summary
This article is a response to a
previous study by Scheunke
et. al. stating higher load
intensities promoted greater
gains in strength. It concludes
this may not be the case,
citing faults with the study in
question.
This article is a meta-analysis
investigating numerous
factors that are involved with
strength and power resistance
training.
Mitchell et. al. found that
gains in hypertrophy were
similar in groups that lifted
low intensity to exertion as
groups that lifted high
intensity to failure.
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Moss, B.M., Refsnes, P .E.,
Abildgaard, A., Nicolaysen,
K., & Jensen, J.

Peterson, M.D., Rhea, M.R.,
Alvar, B.A.

Rooney, K. J., Herbert, R. D.,
& Balnave, R. J.

Effects of maximal effort
strength training with
different loads on dynamic
strength, cross-sectional area,
load-power and load-velocity
relationships.
Applications of the doseresponse for muscular
strength development: A
review of meta-analytic
efficacy and reliability for
designing training
prescription.
Fatigue contributes to the
strength training stimulus.

Sandri, M.

Signaling in muscle atrophy
and hypertrophy.

Schoenfeld, B.J.

Potential mechanisms for a
role of metabolic stress in
hypertrophic adaptations to
resistance training.

Schoenfeld, B. J.

The mechanisms of muscle
hypertrophy and their
applications to resistance
training.
The muscle pump: Potential
mechanisms and applications
for enhancing hypertrophic
adaptations.

Schoenfeld, B.J., Contreras,
B.

Schuenke, M. D., Herman, J.,
& Staron, R. S.

Preponderance of evidence
proves "big" weights
optimize hypertrophic and
strength adaptations.

This study also found an
increase in 1RM at low
intensities, suggesting
maximal strength can be
increased with low loads.
This article is an overview of
studies regarding different
resistance training protocols
and their effectiveness on
different segments of the
population.
This study concluded that
participants who trained with
no rest in between sets
yielded greater strength gains
than the group that rested in
between sets.
In this article, previous
research involving pathways
controlling muscle
hypertrophy and signaling of
muscle atrophy are reviewed.
This article is a review of
research investigating
different theories involving
hypertrophy and strength
training.
This article is a met analysis
of previous research
investigating different
methods of strength training.
Article provides information
geared towards personal
trainers about methods of
achieving muscular
hypertrophy, in particularly
with "the pump."
This article is a rebuttal to
Burd et. al. ' s claim that there
was not significant evidence
in their study to state "big
weight" provides the greatest
gains in strength.
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Stone, W.J., Coulter, S.P

Strength/endurance effects
from three resistance training
protocols with women.

Tanimoto, M., Sanada, K.,
Yamamoto, K., Kawano, H.,
Gando, Y. , Tabata, I., Ishii,
N. , & Miyachi, M.

Effects of whole-body lowintensity resistance training
with slow movement and
tonic force generation on
muscular size and strength in
young men.
Muscle fiber cross-sectional
area is increased after two
weeks of daily KAATSUresistance training.

Yasuda, T. , Abe, T., Sato, Y.,
Midorikawa, T., Keams, C.F.,
Inoue, K. , Ryushi, T., Ishii,
N.
Yasuda, T. , Ogasawra, R.,
Sakamaki, M., Ozaki, H. ,
Sato, Y. , Abe, T.

Combined effects of lowintensity blood flow
restriction training and highintensity resistance training
on muscle strength and size.

Study found that high
resistance and low repetitions
yielded greater strength gains,
while low resistance and high
repetitions yielded greater
endurance gains. Lower body
gains were also greater in
both categories than upper
body.
This study concluded using
low-intensity with slow
movement and tonic force
generation yielded
comparable results as high
repetitions at normal speed.
This study concluded that
following KAA TSU training,
type II muscle fibers
hypertrophy more than type I
muscle fibers.
Following this study it was
concluded that for bench
press, low-intensity blood
flow restriction training and
high-intensity training yield
similar results.

Muscular Strength Training

Stone and Coulter (1994) tested how repetition range effected strength and endurance;
however, they only conducted research on women. Their focus was on lower and upper body
exercises. It consisted of three exercise groups: A low repetition high intensity group--three
sets of 6-8 ; a medium repetition medium intensity group--two sets of 15-20; and high repetition
low intensity group--one set of 30-40. The results of this study concluded that the low repetition
high intensity group yielded more strength gains than the other two groups, while the high
repetition low intensity group yielded the best endurance results. The medium repetition
medium intensity group showed slight increases in both categories (Stone & Coulter, 1994).
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Recently in the European Journal of Applied Physiology, Burd et al. wrote a letter to the
editor in opposition to literature published by Schuenke et al. (2013), regarding the superiority of
the high intensity and low repetitions approach for building strength over low intensity and high
repetitions approach. They took issue with the length of some studies, claiming that in a six
week time period it would be nearly impossible to draw any serious conclusions, let alone
publish works that validate their hypotheses. What they pointed out is that for the short term, low
repetition high intensity may yield the best results, but over the long term, that may not be the
case. They argue that given a longer period of study, the results might be opposite or equivocal.
Another issue they had was the small number of participants used in research. They also assert
that a muscle biopsy to decide how muscle fiber types adapt is not a completely accurate way of
determining that result, as it does not give an accurate representation of the muscle as a whole.
They concluded that researchers are somewhat fixing the data by not extending their research to
the fullest (Burd et. al. , 2013). When exercising for long term, lifting big weights may not yield
all the best results as reported. It is yet another example of how today it is highly debated which
repetition range will yield the best results in terms of strength.
Schuenke et al. (2013) countered with a letter to the editor of their own. In regards to
muscle biopsy, they agree that it is not a definite representation of the muscle as a whole. They
do argue that they were interested in the muscle on a cellular level, and that a muscle biopsy did
exactly what they needed it to do. They stated their six week study was a portion of a 20-week
study which yielded the same results, and that Burd et al. is also guilty of using a small number
of participants. They backed up their study by citing research done in 1990 that proved the same
effect, while citing a study done in 1988 that backs up Burd et al. ' s claim that low intensity high
repetition is more effective (Schuenke et. al. , 2013 ).
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An interesting aspect of strength gains the current study did not focus on is how rest
intervals effect strength gains. Previous research has indicated that exercise groups with no rest
between sets show higher increase in strength gains than those with rest (Rooney et. al., 1994).
This goes against accepted standards that for each intensity level certain periods of rest are
required for maximal muscular gains (ACSM, 2014 ). In this study 42 participants were divided
into groups that performed the same intensity (six repetition maximum) and the same set range
(6-10 sets) three days per week. Since
the study was only six weeks long, in can only be
/
concluded that in the beginning of an exercise routine, no rest yields the best results in terms of
muscular strength (Rooney et. al., 1994). A longer study would have to be conducted to see if
the same results occurred in a long term study. More research is needed on this topic, but it is a
very interesting area of research.
Muscular Hypertrophy Training
Muscle hypertrophy occurs when protein breakdown is exceeded by protein synthesis
(Sandri, 2007; Schoenfeld, 2010). Hypertrophy can also be defined as the dynamic balance
between protein synthesis and breakdown (Schoenfeld & Contreras, 2014). Research has shown
while there are many factors that are incorporated with muscular hypertrophy, there are three
main factors when it comes to resistance training: mechanical tension, metabolic stress, and
muscle damage (Schoenfeld, 2010).
It is generally accepted that the optimal resistance training protocol to improve muscular

hypertrophy is :S80% of lRM (Tanimoto et. al., 2008). Previous studies have looked at alternate
methods of performing lower intensity resistance training exercises to see if greater hypertrophic
gains can be observed. One method is blood flow restriction training, which will be discussed in
greater detail later in the chapter, and another is slow movement training. One study reviewed
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examined the effects of performing knee extension while holding the concentric and the
eccentric phase for three seconds each, with a one second pause in between phases at :S50 %
1RM. The results were very similar to that of sets performed at a high intensity without holding
either phase (:S80 % lRM). Both groups saw increases in muscular size (Tanimoto et. al., 2008).
The results of this study further support the hypothesis that high intensity resistance is not the
only method of training capable of producing significant hypertrophy.
In one study conducted by Mitchell et. al., the conclusion was made that the amount of
repetitions did not have an impact on hypertrophy. The study consisted of three exercise
protocols. Performing knee extension for one set at 80% lRM, three sets at 80% lRM, and three
sets at 30% lRM. Participants had each leg randomly assigned to one of the three protocols for
the duration of the 10 week study. Magnetic resonance scans as well as muscle biopsies were
taken pre and post study. Muscle biopsies were taken at the vastus lateralis. All intensities of
exercise yielded very similar benefits. There was no significant difference in hypertrophic gains
between groups (Mitchell et. al., 2012). This disproves a common theory that 8-12 repetitions
yields optimal gains for muscular hypertrophy. That is important because it is commonly
believed that muscle size is directly related to how much force the muscle can exert (Moss et. al.,
1997; Fahey, 2010).
It has been observed through research that high repetition sets with short rest periods

yield significant gains in muscular hypertrophy (Rooney et. al., 1994; Sandri, 2007, Tanimoto et.
al., 2008). New research states that it could possibly provide results equal to heavy compound
lifting (Schoenfeld & Contreras, 2014).
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The Muscle Pump

Another method theorized to promote hypertrophy is cell swelling, sometimes referred to
as the muscle pump. Cellular swelling is a phenomenon experienced during resistance training.
In laymen terms it is commonly referred to as the "pump." The "pump" is a term typically
associated with bodybuilders. As the muscle fills with blood, it makes the muscles look larger.
This pooling of blood is only possible when the muscle is highly activated so that venous output
is occluded. This blood pooling is achieved by completing repeated contractions. Bodybuilders
will perform exercises at high repetitions before contests in order to appear larger. Although this
short-term effect is instantly noticed, new research is indicating that the "pump" may have long
term residual effects in muscular hypertrophy (Schoenfeld & Contreras, 2014 ).
The "pump" experienced at near maximal resistance training exertions could be defined
as intracellular hydration (Schoenfeld & Contreras, 2014). During high intensity muscular
contractions, reactive hyperemia is experienced. When exercises are performed at such high
intensities, the veins carrying blood out of the muscle being worked become very compressed.
Arteries continue to deliver blood to the muscle. As a result, there is excess intramuscular blood
plasma, which percolates into the interstitial spaces through the capillaries (Schoenfeld, 2010).
An extra-cellular pressure gradient is created due to extra fluid in the interstitial spaces. As a
reaction, plasma begins to flow back into the muscle (i.e. reactive hyperemia). During this
process, there is also an abundance of inorganic phosphate and lactate. They represent an
osmolytes, which help maintain fluid balance, and pull more fluid into the cell muscle
(Schoenfeld & Contreras, 2014; Schoenfeld 2010).
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Cellular swelling has been observed in numerous types of cells including hepatocytes,
osteocytes, breast cells, and muscle fibers (Schoenfeld & Contreras, 2014 ). Fast twitch muscle
fibers, which are type II muscle fibers (Fahey, 2010), have a highly concentrated amount of
aquaporin-4, which are more commonly referred to as water transport channels. These water
transport channels are very prevalent in the sarcolemma of type II muscle fibers . This makes
type II muscle fibers extremely susceptible to changes due to osmosis (Schoenfeld & Contreras,
2014).
The concept of "pump training" (i.e. high repetitions with low weight) to achieve cellular
swelling has demonstrated (Schoenfeld, 201 O; Schoenfeld & Contreras 2014) to be an effective
method for increasing maximal strength to the same extent as low repetition protocols with high
weight. For a bodybuilder, knowing that prior to going on stage for competition performing
pump training can swell the muscles could give them an extra hypertrophic advantage needed to
win a competition. On the other hand, a personal trainer who has a client wishing to gain
muscular hypertrophy could include pump training in their exercise program. This type of
training could add a nice change-up to the workout routine, which overtime can become boring
and monotonous (Peterson et. al., 2005). Keeping the client engaged and excited about
exercising is key to minimizing the chances of them dropping out.
Blood Flow Restriction Training
Blood flow restriction training is a relatively new method of training in which blood flow
is restricted to the muscles performing the exercise (Schoenfeld, 2013; Yasuda et. al., 2005).
The results of blood flow restriction training studies have shown to produce positive gains in
muscular hypertrophy (Yasuda et. al., 2011).
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In a study conducted by Takarada et. al., 24 women were divided into three training
groups for 16 weeks. One group performed low intensity blood flow restriction exercises (:S
50% lRM), low intensity exercises with no blood flow restriction (:S 50% lRM), and one group
performing high intensity exercises with no blood flow restriction (:S 80% 1RM). Results post
study showed the gains in cross-sectional muscle area of the low intensity group with blood flow
restriction were equivocal to that of the low intensity group. The low intensity group with no
blood flow restriction showed less significant gains than in the low intensity with blood flow
restriction and high intensity groups (Takarada et. al., 2000).
Another name given to blood flow restriction training is KAA TSU training. It has been
suggested in the past to promote gains in muscular hypertrophy as well as strength (Takarada et.
al., 2000). In one 2 week study, three men were placed into a group performing low intensity
resistance training exercises at 20% of lRM with blood flow restriction, and two men were
placed into a group performing low intensity resistance training at 20% of 1RM without blood
flow restriction. These exercises were performed two times a day for twelve consecutive days.
Muscle biopsies were taken pre and post study, and muscular cross-sectional area was measured
using magnetic resonance imaging. While both exercise protocols saw an increase in crosssectional area, the group with no blood flow restriction showed barely any at all (1.8% increase).
The blood flow restriction group saw an increase of 7.8% (Yasuda et. al., 2005). While this
study is unique in its own right, it would not be advised to implement it as a beneficial long term
exercise program. Exercising the same muscle every day over and over will cause over training
(ASCM, 2014). The study added a unique perspective to blood flow restriction training,
however, it is not a practical method for exercising, and long term effects observed using this
exercise routine could be contraindicated for those with pre-existing cardiovascular limitations.
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Chapter 3
Methods
Participants

Seventeen participants (8 men; 9 women; ages 19 to 26 yrs.) volunteered to participate in
this study. All participants were students at a regional Midwestern university. Participants were
chosen based on willingness to participate in the study, and not being involved in an upper body
weight training program for the previous six months. Previous research has recommended that a
six month time period of not actively being engaged in resistance exercise as being in an
"untrained" state (Campos et. al., 2002). Participants were also instructed that during the eight
week study, they were not to perform any additional upper body resistance training.
Instrumentation

All bench press testing and training sessions were performed on a typical bench press
station manufactured by Quantum Fitness (see Figure 1). The free weights and barbells used in
the study were manufactured by the York Barbell Company (York, Pennsylvania). Most
participants utilized a standard 45 lb. (20.5 kg) barbell. When a participant's prescribed weight
for a training session was less than 45 lbs. , permanently weighted bars were used; these were
manufactured by the York Barbell Company as well. These bars weight less than 45 lbs., and
have free weights, which typically range from 2.5-10 lbs., bolted to the bar. Free weight plates
ranging from 2.5 to 45 lbs. were used to load the standard barbell.
The bodyweight of participants was measured using a precision scale (Detetco: Webb
City, Missouri). The height of participants was also measured using a precision scale mounted
on the wall (Country Technology Inc.; Gays Mills, Wisconsin). Upper arm circumference was
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measured using standardized procedures with a tape measure manufactured by Country
Technology Inc. (Gays Mills, Wisconsin). The model of the tape measurement device was a
Gulick II, which has a spring loaded handle that specifies the amount of tension on the tape for
accuracy and reliability (Gays Mills, Wisconsin).

Figure 1. Bench Press Station.
Data Collection
Institutional Review Board approval from Eastern Illinois University was received before
any meetings with participants were held. The current research study involved the bench press
exercise, and examined the effects of load intensity on strength and upper arm circumference.
The study duration was eight-weeks and participants were randomly divided into a High
Repetition group, Low Repetition group, and a Control group. Initial sessions with participants
took place from March

3rd

to March

6th ,

2014.

Upon arriving for the first session, participants were required to complete an informed
consent document. Participants were then asked to fill out the Physical Activity Readiness
Questionnaire (PAR-Q) in accordance with the American College of Sports Medicine ' s
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guidelines for safe exercise (Quinn, 2008). Once the PAR-Q was completed, collection of initial
measurements began.
Height and weight were measured with shoes off; height was measured in inches to the
nearest 1/4 inch and weight was measured in pounds to the nearest 112 pound. Participants were
then asked to provide their age. Once this information was obtained, upper arm circumference
measurements were taken on the right and left arm. ACSM guidelines were used for the
m~asurement

of upper arm circumference (ASCM, 2014). A mark was made at the midpoint of

the upper arm, halfway between the acromion and olecranon process with the arm held at a 90
degree angle next to the body (see Figure 2). A tape measure was then used to measure the
circumference of the upper arm at the mark. The measurement was taken in inches to the nearest
1/8 inch. The arm was held freely at the side and participants were asked not to "flex" for the
measurement (ACSM, 2014). Once the upper arm circumference was measured, warm-up began
for collection of 1 repetition maximum (1-RM) bench press.

Figure 2. Marking upper arm for measurement.
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Prior to the bench press 1-RM measurement, a demonstration of proper technique was
conducted based on guidelines presented in the National Strength and Conditioning
Association's (NSCA) "Basics of Strength and Conditioning Manual". These guidelines state
that for the barbell bench press, the proper starting position is lying flat on the bench, in what is
known as a 5-point body contact position. The five points of contact are the head, both scapulae,
buttocks, and both feet (Torerk, 2010). Once lying flat on the bench, the eyes should be oriented
in line with the bar.
The hands should grip the bar slightly wider than shoulder width using a closed, pronated
gnp. The movement involves lifting the bar up to the starting position, with the bar directly
above the shoulders, with the elbows fully extended. Prior to starting the lowering motion, a
deep breath is to be taken. In order to prevent arching of the back, the core should be actively
engaged. The bar is then lowered in a controlled manner until it touches the chest. The bar is
not to be bounced off the chest. The wrists are to be kept directly above the elbows and remain
stable. Once the bar touches the chest, the bar is explosively pressed upward by extending the
elbows and exhaling through the lift.
For collection of bench press 1-RM, ASCM guidelines were followed. ASCM guidelines
suggest that participants warm up with several submaximal repetitions. After the warm up, only
one repetition was performed at a time until a 1-RM is achieved. If the participant knows their
1-RM in advance, 50-70 percent of that prediction is to be used for the first trial of 1-RM. For
succeeding trials, the weight can be increased 5.5 to 44 lbs. (2.5 to 20 kg). The amount ofrest
time between each maximal attempt should be in the range of 3 to 5 minutes in order to
regenerate adenosine triphosphate (ATP). The 1-RM should be determined within four trials
(ASCM, 2014). The Principle Investigator spotted and loaded the weight for the 1-RM trial.
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Once all initial demographic and performance measurements were collected, the data
were entered into a Microsoft Excel spreadsheet. Participants were randomly assigned a code
number based on the order they were tested. The number assigned was used to determine which
condition of the study (i.e. high repetition group, low repetition group, control group) they would
be assigned to. The exercise prescription of both treatment groups was periodized so that the
total volume of weight lifted (e.g. load x sets x reps) for each condition was similar each week.
High Repetition Group

The High Repetition group met twice per week on non-consecutive days. They
completed two sets of the bench press during each session, and performed repetitions in each set
until failure was reached (usually in the range of 20 to 50 repetitions per set, depending on the
intensity used that week). A rest period of 1 to 2 minutes was used between each set. This rest
period range has been recommended for those who are considered novice or intermediate weight
lifters (ACSM, 2006). The percentage of 1-RM used for the high repetition group was 30 to
50% of 1-RM. For the eight week study, the periodization scheme for load intensity was as
follows: Week 1: 40%, Week 2: 35%, Week 3: 50%, Week 4: 45%, Week 5: 30%, Week 6:
40%, Week 7: 35%, Week 8: 50%.
Low Repetition Group

The Low Repetition group met twice per week on non-consecutive days. They
completed three sets of the prescribed exercise during each session, and performed 3 to 12
repetitions during each set. Following the ACSM's (2006) recommendations, a rest period of I
to 2 minutes was also used for the low repetition group, as they were considered novice or
intermediate weight lifters as well. The percentage of 1-RM used for the high repetition group
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was 70 to 90% of 1-RM. For the eight week study, the periodization scheme for load intensity
was as follows: Week 1: 80%, Week 2: 75%, Week 3: 90%, Week 4: 85%, Week 5: 70%,
Week 6: 80%, Week 7: 75%, Week 8: 90%.

Control Group
The Control group was instructed not to perform any upper body exercises throughout the
duration of the study. After the initial meeting, face to face contact was not made again until
post study measurements were taken. Periodically emails were sent to participants in the Control
group to ensure they were following proper protocol of the study.

Data Analysis
To assess the effect of training mode on the 1-RM bench press strength, right arm
circumference, and left arm circumference, separate 3 (training group) X 2 (test phase) mixed
model ANOVAs were computed with repeated measures on the latter factor. Training group
referred to High Repetition, Low Repetition, and Control groups; and test phase referred to preand post-test results. Significance was set at p < 0 .05, and partial Eta squared was used to
compute effect sizes. All statistical analyses were conducted using IBM SPSS 22 (IBM
Corporation, Armonk, NY).
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Chapter 4
Results

Descriptive statistics (means and standard deviations) were calculated for all
demographic variables (i.e. age, height, body weight; pre- and post-training right and left upper
arm circumferences) and performance variables (pre- and post-training bench press absolute and
relative strength). Bench press relative strength was calculated by dividing a participant' s bench
press 1-RM by the participant's body weight. The results are listed in tables below, with data
separated by group.
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Table 1. Participant characteristics (Mean± Standard Deviation).

High Repetition Group
Gender

Age

Height (in.)

Body Weight

Relative Strength

F
F
F
M
M
M

20
22
22
19
22
23
21.3
1.5

65.0
63.0
64.0
68.0
68.5
70.0
66.4
2.8

166
126
134
158
170
180
155.7
21.3

0.81
0.75
0.52
1.52
1.32
1.11
1.00
.38

Mean
Standard Deviation

Low Repetition Group
Gender

Age

Height (in.)

Body Weight

Relative Strength

M
F
M
M

Mean

21
19
21
21
20.5

67.0
67.5
77.5
71.0
70.8

143
198
215
196
188

1.22
0.43
1.14
0.97
.94

Standard Deviation

1.0

4.8

31.2

.36

Control Group
Gender

Age

Height (in.)

Body Weight

Relative Strength

F
F
M
M
F
F
F

68.0
64.5
68.0
69.0
62.5
62.0
67.0
65.9

152
315
175
155
145
101
136
168.4

0.56
0.29
1.80
0.90
0.66
0.64
0.51

Mean

26
22
20
24
24
23
24
23.3

Standard Deviation

1.9

2.8

68.4

.49

.77
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1-RM Bench Press Strength
The main effect for test-phase was significant (F1 ,14 = 9.64; p = .008; T)p2 = .41). Post-test
strength (M = 155; SD = 82.8) was greater than pre-test strength (M = 148.24; SD = 76.28). The
interaction and the main effect for training group were not significant.

High Repetition Group

Mean
Standard Deviation

Pre (lbs.)

Post (lbs.)

Diff (lbs.)

135
95
70
240
225
200
160.8
71.0

140
80
75
245
245
220
167.5
79.7

5
-15
5
5
20
20
6.7
12.9

Low Repetition Group

Mean
Standard Deviation

Pre (lbs.)

Post (lbs.)

Diff (lbs.)

175
85
245
190
173.8
66.4

180
85
280
210
188.8
80.9

5
0
35
20
15.0
15.8

Pre (lbs.)

Post (lbs.)

85
90
315
140
95
65
70
122.9
88.2

90
95
315
140
95
65
70
124.3
87.5

Diff (lbs.)
5
5
0
0
0
0
0
1.4
2.4

Control Group

Mean
Standard Deviation
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Right Arm Circumference

Although the right arm circumference increased from pre-test (M = 12.95; SD = 2.47) to
post-test (M

=

13.22; SD = 2.6), the improvement was not significant

(F1 ,14

= 4.46; p = .05; rip 2 =

.24). The interaction and the main effect for training group were also not significant.

High Repetition Group
Pre (in.)

Mean
Standard Deviation

Post (in.)

Diff (in.)

12.25
11.94
11.75
13.50
14.50
13.75
12.95
1.12

0.25
0.94
1.00
0.50
0.00
-0.13
0.43
0.47

Pre (in.)

Post (in.)

Diff (in.)

12.25
13.50
15.50
13.50
13.69
1.34

12.00
14.00
15.25
13.50
13.69
1.34

-0.25
0.50
-0.25
0.00
0.00
0.35

Pre (in.)

Post (in.)

Diff (in.)

10.75
19.25
14.25
13.25
12.40
7.50
12.50
12.84
13.57

11.00
21.50
15.00
13.25
12.50
7.50
12.50
13.32
4.29

0.25
2.25
0.75
0.00
0.10
0.00
0.00
0.49
0.83

12.00
11.00 .
10.75
13.00
14.50
13.88
12.52
1.53
Low Repetition Group

Mean
Standard Deviation

Control Group

Mean
Standard Deviation
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Left Arm Circumference

The main effect for test-phase was significant (F1 ,14 = 6.96; p = .019; rip 2 = .33). Post-test
strength (M = 13.33; SD = 2.7) was greater than pre-test strength (M = 12.92; SD = 2.58). The
interaction and the main effect for training group were not significant.

High Repetition Group

Mean
Standard Deviation

Pre (in.)

Post (in.)

Diff (in.)

11.00
11.00
10.50
13.00
15.00
14.00
12.42
1.86

12.50
11.00
11.75
13.50
15.00
13.75
12.92
1.45

1.50
0.00
1.25
0.50
0.00
-0.25
0.50
0.72

Pre (in.)

Post (in.)

Diff (in.)

12.00
13.50
16.00
13.00
13.63
1.70

12.50
14.25
15.00
13.00
13.69
1.14

0.50
0.75
-1.00
0.00
0.06
0.77

Pre (in.)

Post (in.)

Diff (in.)

10.50
20.00
13.75
13.00
12.50
8.50
12.25
13.93
3.58

11.00
21 .50
15.50
13.00
12.50
8.25
12.25
13.43
4.18

0.50
1.50
1.75
0.00
0.00
-0.25
0.00
0.50
0.80

Low Repetition Group

Mean
Standard Deviation

Control Group

Mean
Standard Deviation
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Summary
The primary purpose of this study was to examine the effect of repetition range and load
intensity on muscular strength and upper arm circumference following a bench press training
program. The first research hypothesis stated: "It was hypothesized that the group performing
the bench press exercise at high repetitions and with low intensity would show equal muscular
strength gains as those in the low repetition and with high intensity group." This hypothesis was
accepted. The Low Repetition group did show a greater difference from pre- to post study in 1RM versus the High Repetition group (Low Repetition Group= 15.0 lbs.; High Repetition Group
= 6.7 lbs.), but the difference was not significant. It should also be noted that the gains in
muscular strength in the Control group were not significantly different from the strength gains in
either of the treatment groups.
The second research hypothesis stated: "It was hypothesized that the group performing
the bench press exercise at high repetitions and with low intensity would show equal gains in
upper arm circumference as those in the low repetition and with high intensity group." This
hypothesis was also accepted. The High Repetition group showed greater differences in upper
arm circumference versus the Low Repetition group (High Repetition Group, Right Arm= 0.98;
Left Arm= 0.50; Low Repetition Group, Right Arm= 0.00; Left Arm = 0.06), but the difference
was not significant. It should also be noted that the gains in upper arm circumference in the
Control group were not significantly different from the upper arm circumference in either of the
treatment groups.
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Chapter 5

Discussion
The results from the current study suggest that over the course of an 8 week periodized
training program, a protocol of high repetitions per set to failure with lower intensity loads may
yield equivocal gains in strength and upper arm circumference as a traditional protocol of low
repetitions per set with higher intensity loads. The following chapter will review all aspects of
the current study, and attempt to provide explanations for the results that were observed. An
overview of how real world applications can be drawn from this study will be provided, as well
as detailed overview about directions for future research.
Changes observed in the control group, while not expected, can be rationalized. It is
difficult to experience gains in muscle cross-sectional area without exercise. From a
physiological standpoint, hypertrophy is most readily achieved with heavy loaded exercise
(Schoenfeld, 2010). There is a possibility that during the initial meeting, maximal effort was not
given during the lRM assessment, therefore if true maximal effort was given during the final
meeting, a gain in muscular strength could be observed, but not truly representative of
physiological strength gain. For hypertrophy measurements, since diet was not monitored and
body fat percentage was not accounted for, it is plausible that gains recorded at the upper arm
were due to a gain in subcutaneous fat, not muscular hypertrophy. The other plausible
explanation for gains observed by the control group is that they simply did not follow
instructions and started performing upper body exercises once the study had started. Their
results were kept in the study, as no significant changes were observed upon final measurements.
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The minimal gain in mean strength observed by the control has been observed in previous
research studies as well. The mean gain in bench press 1RM recorded in the current research
study was 1.4 lbs. A study conducted by Yasuda et. al. (2011 ), in which the control group results
directly correlates with the current study, saw a mean increase of 1.7 lbs. in bench press lRM in
the control group. In a study conducted by Tanimoto et. al. (2008), a 2.8 lb. lRM gain was
observed in the control group. This gain in 1RM was representative of the mean for five
exercises including: vertical squat, chest press, latissimus dorsi pull-down, abdominal bend, and
back extension (Tanimoto, et. al., 2008). The greater number of exercises accounted for in the
mean could account for a higher total mean.
In regards to changes in upper arm circumference in the current study, similar
hypertrophy changes have been observed in previous research as well. The results from this
study saw upper arm circumference mean gain of 0.50 inches in the control group. In a study
conducted by Yasuda et. al. (2011), an upper arm circumference increase of .02 inches was
observed, was not significant. The reason for such a small difference is the method by which
muscle cross-sectional area was obtained. Yasuda et al. used magnetic resonance imaging
(MRI), which is much more precise than taking circumference measurements as in the current
study. A study conducted by Campos et. al. (2002) used muscle biopsies to observe changes in
muscular size. Campos et al. assessed a lRM for the leg press, squat, and knee extension.
Campos et al. observed their control group to have slight mean increases and decreases in the
number of muscle fiber types. The mean number of type I muscle fibers decreased (52); type IIA
muscle fibers decreased (88), and type IIB muscle fibers increased (165).
What these studies reveal is that while a physiological change in muscular strength or
hypertrophy would not be expected from a control group, "gains" from the control are usually
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evident due to various confounding variables. These gains are not necessarily due to bodily
changes, but could be associated with measurement error.
The study conducted by Campos et al. (2002) focused on lower body exercises,
specifically leg press, squat, and knee extension, observed results differing from the current
study. The low repetition group saw greater increases in muscular strength and hypertrophy,
whereas little to no gains were observed in the high repetition and control groups. Participants
had muscle biopsy procedures performed pre and post study, and it was discovered muscle fiber
types I, IIA, and IIB all hypertrophied in the low repetition group. No significant changes were
observed in the high repetition group. This goes against a common muscular hypertrophy belief
that maximal hypertrophic response is gained by training to muscular failure. (Schoenfeld, 2010)
In other words, there are still a lot of people who believe training to failure still promotes the
most muscle growth. While it is still not known the exact impact exercising to fatigue has on
muscular hypertrophy and strength, it is known that fatigue does impact the strength training
stimulus (Rooney et. al., 1994).
In a similar study, a protocol was used where each leg was assigned a different group .
One leg high repetition, and the other leg low repetition. This study found similar results for
strength and hypertrophy in each leg (Mackey et. al., 2011 ). However, this protocol does not
take into account studies that show unilateral strength training will yield results in the
contralateral leg due to the neurologically mediated cross-education effect (Carroll et. al., 2006).
Therefore, the key is to create a protocol where both sides of the body receive equal sets and
repetitions . Barring an injury to one side of the body, exercise protocols should have
contralateral uniformity.
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The results observed in this study can be supported with studies examining the
physiological aspect of strength of and hypertrophy. It is a common principle that low intensity
exercises are commonly associated with type I muscle fibers, while high intensity exercises are
associated with type II muscle fibers (Pearson & Hussain, 2014). Type II muscle fibers through
previous research (Campos et. al., 2002; Fahey, 2010) have shown to be directly related to
hypertrophy. Therefore it is vital to activate these muscle fibers during weight training exercises.
Previously it was thought high intensity exercise was the most effective way to produce
significant gains in hypertrophy. Recently, occlusion training studies have shown hypertrophic
gains can be achieved through intensities <50% of lRM. Occlusion training involves exercising
at low intensities while restricting the blood flow to the muscles involved in the exercise being
performed (Pearson & Hussain, 2014). This is in contrast to previous research, which suggests
that significant gains in hypertrophy are only observed through intensities >60% of 1RM
(Schoenfeld, 2013).
Different intensities activate different stressors in the body. There are two different types
of stressors in the body that trigger hypertrophic changes: mechanical stress and metabolic
stress. Mechanical stresses include increased fast-twitch muscle fiber recruitment, increased
hormone production, and muscle damage. While acute increased systemic hormone levels are
observed, these responses may not seem to lead to long term hypertrophic changes. Localized
increases in hormone levels show the opposite, however. Research suggests localized increases
in hormone levels to apply to long term hypertrophic adaptations. This is believed to be caused
by mechano-growth factor (i.e. IGF-lc). Muscle damage has been shown to be a strong player in
hypertrophic gains, as seen in different studies where eccentric phases were left out of weight
training protocols, which led to minimal gains.
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Since both protocols used in this research study yielded equivocal results, it would be
advantageous to prescribe both protocols on clients based on their condition or what protocol
they would likely adhere to. It would be advised to reserve high intensity low repetition
resistance exercise routines for the younger population, and exclude elderly populations. The
risk of injury in that scenario would outweigh the benefits. Higher intensity weight training
would require better balance and stronger bones, and as people get older, they tend to lose
balance and coordination along with losing bone mass. People who struggle with arthritis should
also stay away from high intensities, as the weight could add unwanted pain and stress on the
joints. For anyone who suffers from hypertension or has had a heart attack, it would also be
advised to stay away from high intensity exercise. It is known that high intensity exercise raises
blood pressure, so avoiding that as much as possible would be safer (ACSM, 2014).
Along with safety, it is critical when designing a resistance training program to include
exercises the client the likes. If the personal trainer feels performing low-intensity exercises
yield the best results for muscular hypertrophy, but the client flat out hates doing them, it would
not make sense to include that type of exercise protocol into the training program. Implementing
a more traditional program might make the client feel more comfortable, and help to keep the
client adhering to the program. While the personal trainer may not feel that is the best method, it
might be the best way for that particular individual to yield positive results.
Conclusions

All conclusions are based solely on the results of this study with volunteer participants at
Eastern Illinois University. Conclusions should not be generalized to include populations that
did not participate in this study. The results of this study were reported honestly.
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•

Performing resistance training exercises with no program or goal will not yield gains in
muscular strength or hypertrophy. It was observed that at least one member of the control
group performed upper body resistance training exercises during the eight week study. When
this participant's post study measurements were taken, it was revealed their lRM had not
increased at all, and their upper arm circumference had no significant difference from pre to
post study. This goes to show that having a program designed by someone with the proper
qualifications will, with great probability, yield the greatest gains in muscular strength and
hypertrophy. Simply going into a gym and lifting weights with no specific program does not
necessarily produce positive muscular strength or hypertrophy gains. Having a designed
program with specific weights based off of 1RMs will provide much better results. This also
emphasizes the need for Personal Trainers, as well as knowledge about the science of
exercise. They are trained professionals who completed programs or certifications to gain
knowledge specific to strength and resistance training. A degree in exercise science or
certifications from reputable organizations such as the American College of Sports Medicine
(ACSM) or National Strength and Conditioning Association (NSCA) are attributes a
qualified exercise professional will have. It is important to do diligent research when finding
a qualified personal trainer. Being trained by someone without the proper background of
training could result in an injury or in a worst case scenario possible death. If being trained
is not an option, it is critical to do research and begin understanding how and why the body
works . As was observed in this study, performing random resistance training with no
consistency will not necessarily yield positive results. Knowledge needs to be gained about
how sets and repetitions coincide with strength, hypertrophy, and endurance training, as well
as how often to rest between sets and how many days to rest (ACSM, 2014; Fahey, 2010).
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Research should also be done on alternate methods of exercise such as blood flow restriction
training. Without an understanding of how sets and repetitions work with the body, it will be
extremely hard to reach personal goals. If a person wants to increase their 1RM, but only
performs one set of 15 repetitions once per week, it will be very frustrating to reach said
goal. If a person trains the same muscle every day of the week, overtraining will set in, and
eventually muscle atrophy will observed (ACSM, 2014; Sandri, 2007). The bottom line is
that knowledge is a key to exercise. To avoid injury and achieve better results, hire a
qualified personal trainer or do proper research before beginning your own resistance training
program (Fahey, 2010).

•

An increase in upper arm circumference does not necessarily mean an increase in lRM.
For example, while the Low Repetition Group saw slightly greater gains in 1RM, the high
repetition group saw slightly greater gains in upper arm circumference. This could be due to
fiber type arrangement from person to person, hydration levels, or the fact that the muscles in
the high repetition group were exercised closer to muscular failure more frequently. The
greater gains in the high repetition group were minimal, however, it is an observation worth
noting. This observation means that upper arm circumference is not the only indicator of
bench press strength. While the upper arm is critical to the exercise, the cross-sectional area
of the upper arm is only one factor of the many that determine strength.

•

The exercise groups saw greater gains in lRM than the control group. Participants in the
Low Repetition Group yielded a mean lRM gain of 15.0 lbs., and participants in the High
Repetition Group yielded a mean 1RM gain of 6. 7 lbs. The participants in the Control Group
yield a mean lRM gain of 1.4 lbs. This is consistent with every research study reviewed. It
is simply not plausible to think a person could increase their 1RM without training the
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muscle group and performing the exercise. It is also not plausible to observe muscular
hypertrophy when the muscle is not being activated and used. A muscle that is not worked
will begin to atrophy, not show gains in strength (Fahey, 2010). This is the type of evidence
professionals in the exercise science field are trying to promote to the general public. To
maintain health into the latter stages of life, it is critical to stay as healthy as possible now.
Weight bearing exercises strengthen bones, which can help fight osteoporosis in the latter
stages oflife (ACSM, 2014). The old adage "if you don't use it, you lose it" applies directly
to this philosophy. Whether a person is training for strength, endurance, hypertrophy or just
general health, it is better than not exercising at all. This result will be seen time and time
again. It cannot be emphasized enough that exercising is the only superior way to improve
health from a muscular standpoint.
•

Participants in the Control Group saw a greater gain in upper arm circumference than
the High Repetition Group and the Low Repetition Group. The Control saw a mean gain

of 0.49 inches in the right arm, and a mean gain of 0.50 inches in the left arm. The High
Repetition Group saw a mean gain of 0.43 inches in the right arm, and a mean gain of 0.50
inches in the left arm. Participants in the Low Repetition Group saw no difference in the
right arm (0.00 inches), and a mean gain of 0.06 inches in the left arm. It is theorized this
gain in upper arm circumference in the Control Group is not due to muscular hypertrophy in
any way. As previously stated, muscular hypertrophy cannot be achieved without some type
of stress being put on the muscle (Fahey, 2010). An observation made was that one
participant in the control had visibly gained weight from the initial meeting to the final
meeting. This participant's right arm circumference went up from 19.25 inches to 21.5
inches, which is a gain of 2.25 inches. The participant's left arm circumference went up
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from 20.00 inches to 21.5 inches, which is a gain of 1.50 inches. Had this participant's data,
which could be considered as outliers, been excluded, the landscape of the Control Group ' s
data would have changed. Right arm circumference mean gain would have decreased from
0.49 inches to 0.18 inches, and left arm circumference would have decreased from 0.50
inches to .33 inches. That is a decrease of .31 inches in the right arm, and .17 inches in the
left arm. Without this participant's data, the control group would not have seen a bigger
overall upper arm circumference gain than the two exercise groups. The other explanation
for this observation is human error. The measurements of upper arm circumference were
taken by hand, and while distinct landmarks were used and marked before measurements
were taken, there is always the possibility of the measurement being taken in a slightly
different location from pre to post study. Since dietary intake was not monitored or a poststudy weight measurement, the data was not excluded from the study.
Recommendations for Future Research
The following recommendations for future research are based solely on the results of this
study. It is recommended that future studies monitor other variables that account for gains in
muscular strength and hypertrophy, such as dietary intake. Nutrition is such a key factor in the
growth and production of muscle tissue that excluding dietary intake possibly compromised the
results of the study. Someone who is not ingesting proper amounts of protein will find it very
difficult to achieve muscle growth (Fahey, 2010). Monitoring nutrition could possibly add more
validity to the study, and give a deeper understanding of the physiology of the body.
Another recommendation for future research is expanding the length of the study. In a
trial run, the primary investigator found a 4 week study inadequate in determining a difference in
the 2 exercise groups. While this study did show a slight difference between the high repetition
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group and the low repetition group, a study of 12 or possibly even 16 weeks could yield much
more accurate results as to which exercise protocol is more beneficial to muscular strength and
hypertrophy. A similar study conducted by Campos et. al. (2002) also used an 8 week protocol,
but changed the number of days per week the exercises were performed. The current study had
the participants lifting 2 days per week for the duration of the study, while the study conducted
by Campos et. al. (2002) had the participants lift 2 days per week for the first four weeks, and
had the protocol changed to 3 days per week for the last four weeks of the study.
Another study conducted by Tanimoto et. al. (2008) had their participants perform
resistance training exercises 2 days per week for the duration of a 13 week study, while a study
conducted by Mackey et. al. (2010) had a training regimen of 3 days per week for 12 weeks.
Significant results were found in each of the previous studies. A study conducted by Yasuda et.
al. (2011) had a training regime that consisted of performing exercises 3 days per week 6 weeks,
and also had significant findings . These findings seem to imply that there is more than one
resistance training protocol that will produce significant findings. When it comes to an 8 week
study, previous research shows that in order to produce more significant findings, participants
should be exercising more than 2 days per week, at least for a portion of the study. In order to be
considered non-sedentary, an individual must exercise for ~3 days per week for ~30 minutes
(ACSM, 2014), so that theory would fall in line with guidelines for health and fitness already in
place.
In future research, measurements of hypertrophy around the chest should be utilized as
well as upper arm hypertrophy. Since the bench press exercise focuses mainly on the pectoral
muscles, a direct measurement could give much greater insight into how bench press effects
muscular hypertrophy. Another way to reveal gains or losses in muscular hypertrophy would be
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to perform muscle biopsies or use more sophisticated and sensitive measures of muscular
hypertrophy such as magnetic resonance imaging (MRI), which would allow for more valid
indications of changes in muscle thickness, especially over short study durations. Obtaining
samples of muscle tissue pre and post study to examine how the muscle fiber type changes over
the course of a study would be a very accurate way to determine how different training protocols
affect hypertrophy.
Testing the research protocol on different age groups would be recommended for future
research. Results in middle-aged or elderly people could differ dramatically from college aged
students. As a person ages, exercise protocols have a different results (ACSM, 2014). This is
due to a number of different factors. When men reach a certain age, their testosterone levels
begin to decline. Testosterone is key is being able to build and sustain muscle. There comes a
point in a male's life when it will become nearly impossible to stop muscle atrophy. As women
and men grow older, they are at a higher risk for osteoporosis (ACSM, 2014). This weakening
of the bones would make heavy lifting even more difficult, as well as more dangerous. With the
elderly population a decision has to be made about risk vs. reward in terms of resistance training.
Extra supervision in terms of spotters would need to be used to incorporate the elderly
population into a study such as this, but it would be very interesting to see how results varied
over segments of age populations.
Using more than one exercise could be beneficial for future research. If measurements of
hypertrophy are going to be taken at the upper arm, perhaps incorporating an exercise that
focuses on the triceps, such as a triceps press down, would improve results. Another
recommendation for future research would be to try the same exercise protocol on the lower
body, with exercises such as squats or leg extensions. A similar study conducted in 2002 by
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Campos et. al. used both lower body exercises and more than one exercise, incorporating leg
press, squat, and knee extension. 1RM was measured in all three exercises. Another study
conducted by Yasuda et. al. (2005) had participants training with two lower body exercises:
squat and leg curl. Stone et. al. (1994) conducted a study in which participants performed both
upper and lower body exercises. There should be more studies examining the relationship of
upper body to lower body results while training with the same protocol. Trying different
methods is the way discoveries are made. There is the potential that there is a certain
combination of exercises, whether strictly upper-body, lower-body, or a combination of both,
yields optimal results for strength and hypertrophy. Continuing research may discover if there is
a combination as such. Until then, research needs to be done utilizing more than one exercise,
and potentially incorporating exercises of the upper and lower body.
Future research should also try to incorporate more participants into the study. Having a
small number of research participants presents a few problems for statistical power and
generalized application of results. Accordingly, having a larger number of participants would
also offer a better representation of the population as a whole. A larger number of participants
would only strengthen the findings of the study, and make it a more reliable source for others in
the field to use a tool for exercise prescription. A study conducted by Yasuda et. al. (2005) only
had five total participants. Great results were yielded from the study, however, had there been
the same results with 30 participants, the study would have been much more valid. Campos et.
al. (2002) conducted a similar study with 32 participants. Having significant results with higher
numbers of participants makes the results of the study seem solid, and not a by-chance result.
One noteworthy piece of information is that in every study reviewed, all exercise groups,
regardless ofrepetition range or intensity, increased muscular strength and endurance as opposed
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to the control groups. This goes to show that at any range of exercise you will become more
muscular fit than doing nothing. It just solidifies even more the importance of implementing a
resistance training program into everyday routine.
In conclusion, research on which repetition range and load intensity produce the biggest
increases in muscular fitness variables are far from being finished. The mechanisms by which
muscular adaptations are observed through weight training are still not completely understood
(Schoenfeld, 2013). The exercise science field is on the tip of the iceberg when it comes to
studies on high repetition training. While there are numerous studies already completed, there
we be countless more in the coming years. It is an exciting time to be conducting research in the
exercise science field.
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